Globally, dengue is the most important arboviral disease, because the incidence of infections has increased in recent decades, it has a wide geographic spread, and it can progress to serious and lethal forms; it has been prominently placed among the world's major health problems (1) .
The fi rst dengue epidemics associated with deaths were reported in the Americas in 1980, and, since then, the numbers of dengue-related deaths have increased continuously (2) . During the fi rst decade of the 21 st century, half of the dengue related deaths in South America occurred in Brazil (3) . Until 2006, and unlike dengue in Southeast Asia, this viruses was more common in adults in Brazil. In 2007, a marked shift in its age distribution had occurred, and it mostly affected children, among whom there was a higher incidence of severe cases (4) . This shift in the age distribution reversed in 2010, when dengue cases predominately occurred among those who were aged over 15 years (5) . Despite these trends and shifts, few studies have investigated the mortality or case fatality rates, or changes in the age profi les of dengue patients.
Since 2007, the number of dengue -related deaths in Brazil has gradually increased, with the mortality rate increasing from 0.01/100,000 people in 2000 to 0.4/100,000 people in 2010, when the dengue hemorrhagic fever (DHF) case fatality rate reached 12%, which was the highest rate recorded in this decade (5) . Among the Latin American countries, Brazil has made the greatest effort to control dengue fever (DF) and reduce its fatal outcomes (6) . Between 2001 and 2005, the cost of dengue to Brazil was estimated at US$322 million, with approximately 3% of this amount spent on deaths, which, on average, led to the loss of 1,391.68 years of potential life (7) . Despite recent advances in Brazil's health care system, problems remain that must be tackled. Specifi cally, social position strongly infl uences access to use and quality of health care services (8) (9) .
An investigation involving Latin American and Caribbean countries highlighted the roles of biological, contextual, and environmental factors in the increasing severity of dengue (10) . Studies that generate information that may contribute to reducing the risk of death from this disease and that assists health systems to address the demands posed by this disease are essential. This study aimed to analyze the temporal evolution of METHODS dengue mortality and the DHF case fatality rate, and to identify the factors associated with the mortality and the case fatality rates in Brazil from 2000 to 2011.
Study design
Two different analyses were carried out in this study. First, time series analyses of dengue (DF + DHF) mortality and DHF fatalities were undertaken for Brazil as a country and for the regions, from 2000 to 2011, in which the years were used as the units of analysis. Secondly, a cross-sectional ecological study of the spatial aggregates was under taken to analyze the risk factors for dengue (DF + DHF) mortality and fatality for the period from 2008 to 2011 that used the municipalities as the units of analysis. 
Data sources

Outcomes defi nitions
For the trends, the dengue mortality rate was defi ned as the number of dengue deaths, which included deaths from DHF and dengue fever, from SIM, divided by the population numbers from IBGE, for each year and municipality from 2000 to 2011. The DHF fatality rate was defi ned as the number of DHF deaths from SIM divided by the DHF case numbers from SINAN, for each year and municipality from 2001 to 2011.
For the risk factor analysis, The dengue mortality rate was defi ned as the sum of the number of deaths caused by dengue, which included DHF and dengue fever deaths, from SIM from2008 to 2011, divided by the sum of the population from IBGE from 2008 to 2011. The dengue case fatality rate was defi ned as the sum of the number of deaths caused by dengue, which included DHF and dengue fever deaths, from SIM from 2008 to 2011, divided by the sum of the number of cases of dengue from SINAN during the same period.
We used different case fatality indicators to estimate the trends and risk factors, because we used the same formula as the Brazilian Ministry of Health to estimate the case fatality rate, which was the numbers of DHF deaths divided by the notifi ed DHF cases, to facilitate comparisons with other studies. However, for the analysis of the risk factors, information may have been lost if the denominator comprised notifi ed DHF cases only, because the municipalities only notify DHF cases when all the criteria established by the World Health Organization in 1997 are met (11) . Therefore, deaths from DHF may have been attributed to dengue fever.
Temporal trend analysis
The annual case fatality rates, including the overall rates and those for people aged 0-14 years and ≥15 years, for DHF and the dengue mortality rates (per 100,000 inhabitants) between 2000 and 2011 for Brazil and the large geographic regions within Brazil were plotted on graphs and their fl uctuations analyzed. The trends were estimated using simple linear regression analysis and the calendar year as the independent variable. This regression analysis generates a β coeffi cient; hence, for each year we would expect a specifi c unit increase (positive β) or decrease (negative β) in the dengue mortality or DHF fatality rates. Autocorrelation was evaluated using the Durbin-Watson statistic, and when a value that was > 2 determined it was present, the Prais-Winsten method was applied to treat self-correlated residuals (12) .
Analysis of associated factors
All of the Brazilian municipalities that reported at least one dengue case between 2008 and 2011 were included in this study. These years were selected because 74% of all recorded deaths from dengue were concentrated with in this period.
Mean (annual) dengue mortality and fatality rates from 2008 to 2011 were used to smooth the effects of epidemics and distortions that resulted from small numbers of dengue -related deaths.
The health care variables analyzed, namely, the numbers of basic health units per 1,000 inhabitants, the numbers of hospital beds per 1,000 inhabitants, and the numbers of physicians per 1,000 inhabitants, were the mean values for the four years considered in this analysis. The socioeconomic and demographic variables included the Gini index, which measured the inequality of the income distribution within the population (where a value of 0% represents perfect equality and a value of 100% implies perfect inequality), the average income per capita, the percentage of the population that was living in urban households with a garbage collection service (% urbanization rate) that was determined as the percentage of the population living in urban areas compared with the total population, and the illiteracy rate (%), all of which were collected as part of the Census that gathered data on socioeconomic variables at the municipal level in 2010. These variables were selected based on the literature (13) and on data availability.
As the dependent variables are represented by rates, the regression models that best fi tted these distributions were the Poisson and negative binomial regression models (14) . However, the Poisson model assumes equality between the mean and the variance, which was not met by these data as they displayed overdispersion. To confi rm that the negative binomial regression model provided a better fi t for the data, we used the
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Akaike information criterion (AIC) and the Bayesian information criterion (BIC). These criteria supported the use of the negative binomial model. The AIC was used in this modeling approach because it provided the best fi t for cross-validation in the larger data sets and it was easier to implement. To control for excess zeros in the distribution of the rates, the zero-infl ated negative binomial regression model was tested, and the AIC and BIC statistics were calculated to determine which model had the best fi t. Ultimately, the classic negative binomial regression model produced a better fi t.
All of the statistical analyses were performed using Stata Statistical Software: Release 10 (Stata Corp LP, College Station, TX, USA).
Ethical considerations
Although this study used anonymized secondary data at an aggregate level, it was approved by the From 2001 to 2011, 4,995,546 dengue cases were reported in Brazil, and, of these, 0.4% received a diagnosis of DHF or dengue shock syndrome (DSS); there were 3,156 deaths, of which, 60.5% were classifi ed as being caused by DHF/DSS. The remaining 39.5% of the deaths were classifi ed as being caused by dengue fever. The Southeast and Northeast regions of Brazil accounted for over 70% of all fatal cases, while the southern region accounted for less than 2% of all fatal cases.
Trends in dengue hemorrhagic fever fatality and dengue mortality
During the period studied, the DHF case fatality rate in Brazil increased by 0.67 (β) per year (p=0.03). The mean value of this indicator was 8.2%, which ranged from 3.5% in 2001 to 11.8% in 2011. These rates were high across Brazil, and they were mainly seen in the North (10.7%) and Southeast (8.6%) regions. The lowest rate was in the Central-West region (7.9%). Figure 1 shows that an upward trend in the fatality rate was observed in all regions, but this trend was only statistically signifi cant in the Southeast region (β=1.17; p=0.03).
The DHF case fatality rate was at its highest among individuals aged 15 years or over (average 23 Figure 2 shows that in both age groups, the increases in the DHF case fatality rates were statistically signifi cant (β =1.1; p < 0.01 for those aged 15 years or over, and β = 0.48; p = 0.03 for those aged 0-14 years).
The mean annual dengue mortality rate from 2000 to 2011 was 0.14/100,000 inhabitants, which ranged from 0.01/100,000 inhabitants in 2000 to 0.41/100,000 inhabitants in 2010, with peaks observed in 2002 and 2008. The increasing trend for mortality was signifi cant (β=0.02; p=0.001). The CentralWest region had the highest dengue mortality rate in 2010 (1.4/100,000 inhabitants). This region also exhibited the largest upward trend (β=0.077; p=0.01), followed by the northern region (β=0.059; p<0.01). In the southeastern and northeastern regions, the increase was 0.03/100,000 inhabitants per year (p<0.05). Figure 3 shows that the Southern region recorded the lowest number of deaths (52), the lowest mean mortality rate (0.01/100,000 inhabitants), and the smallest upward trend (β=0.004, p=0.02).
Until 2006, those aged over 15 years had a higher risk of death from dengue (average 0.04/100,000 inhabitants), especially those aged 80 years and older (mean 0.2/100,000 inhabitants). From 2007 to 2009, those who were younger than 15 years had higher mortality rates (0.2/100,000 inhabitants), especially in the Northeastern region where this distribution Fatality rate /100
Mortality rate /100.00
Mortality rate /100.000 <15 years Mortality rate /100.000 >15 years Fatality rate /100 <15 years F atality rate /100 > 15 years persisted until 2010. In the Southeastern region, this reversal was only observed in 2008. The Central-West and Northern regions showed no substantial changes in the age distributions of the mortality rates. In 2010, this indicator was higher among those aged over 15 years (0.4/100,000 inhabitants). Within this group, those aged 80 years and older were the most affected by dengue mortality (2.8/100,000 inhabitants in 2010). For those aged under 15 years, the highest rates of dengue mortality were observed among children during the fi rst year of life. Upward trends in the dengue mortality rates (β=0.03) were observed for those who were younger than 15 years (p=0.07) and for those aged 15 years and over (p=0.04). In the Figure 2 , among those who were younger than 15 years, the dengue mortality peak occurred in 2008, while for those aged 15 years and over the dengue mortality peak occurred in 2010.
The upward trends in DHF case fatality dengue mortality were maintained when the epidemic years were excluded from the series, excepted the trend for the dengue mortality rate in the southern region became statistically insignifi cant.
Factors associated with dengue mortality and fatality
Of the 5,565 Brazilian municipalities, 4,843 reported at least one dengue fever case between 2008 and 2011, and these were included in the analysis of the factors associated with dengue mortality and fatality.
Dengue mortality (Table 1 ) was statistically associated with the socioeconomic and urbanization indicators; hence, it increased as the Gini index increased or worsened [mortality rate ratio (MRR) =1.02; p<0.01], and a 1% increase in the Gini index determined a 2% increase in the dengue mortality rate. The MRR increased as the proportion of the population that lived in urban areas increased (MRR=1.01; p<0.01), and as the percentage of the urban population that had garbage collections increased (MRR=1.01; p<0.01), but it decreased as the income per capita increased (MRR=0.99; p=0.05). Among the variables related to health care, none were statistically signifi cant, but these were retained in the fi nal model because they had been defi ned apriori based on the theoretical background. Table 1 shows that the dengue case fatality rate was inversely associated with the average income per capita (MRR=0.99; p=0.05) and with the number of basic health units (MRR=0.89; p<0.01). Other variables related to health care were not statistically signifi cant, but they were retained in the model because they were defi ned a priori due to the theoretical background.
DISCUSSION
The risk of death from dengue in Brazil increased signifi cantly between 2000 and 2011, and this trend was present in all of the regions and in all of the age groups analyzed. In 2011, dengue mortality had increased 39-fold compared with that in 2000, and the DHF case fatality rate had doubled. These fi ndings confi rm that the severity of dengue epidemics is increasing in Brazil, as suggested by the reported increase hospitalization rates (15) .
In this study, we observed that the goal of reducing the DHF case fatality rate to less than 1%, which was established by the National Dengue Control Program in Brazil (16) , was , which are similar to Brazil's mean case fatality rate (8.2%). The case fatality indicator is, of course, very sensitive to the choice of denominator. If all cases of dengue are used as the denominator, regardless of their clinical types, the case fatality rate becomes 1% or less, as observed in Singapore in 2007 (0.27%) (18) . In Brazil, the offi cial statistics only used cases that were classifi ed as having DHF as the denominator, which is in contrast to many countries. In addition to overestimating the case fatality rate, this difference complicates comparisons with other countries.
This raises the question of whether the goal of reducing the DHF case fatality rate to less than 1% is indeed feasible using DHF as the denominator given the current level of therapeutic knowledge.
With respect to the factors that determine the dengue mortality and DHF case fatality rates, the negative association with the average income per capita is a consistent fi nding. Better socioeconomic and health conditions have been recognized as protective factors against death, particularly from infectious diseases (18) (19) (20) . Only the number of primary health care units was associated with lower case fatality rates, which suggests that access to primary care health professionals may reduce the DHF case fatality rate. However, the role of primary care in reducing the risk of death when the disease is present should be investigated more thoroughly. Trop 48(4):399-405, Jul-Aug, 2015 years Moreover, the quality of the care provided must be a risk factor. The observed absence of associations between lethal outcomes because of dengue and supplies of hospital beds and physicians in the municipalities strengthens this assertion, and is consistent with fi ndings that point to the low-resolution abilities of a signifi cant proportion of Brazilian hospitals (21) . However, it is diffi cult to determine the infl uence of the quality of medical care from studies that are based on data from death certifi cates.
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The number of primary care units was not associated with dengue mortality. Mortality is a function of the disease incidence and the case fatality rate. The lack of an association with mortality probably refl ects the fact that primary health care is unlikely to reduce the incidence of this disease. The association between dengue mortality and the Gini index, which measures social inequality, can be explained by the large social and environmental disparities that exist in the Brazilian municipalities (22) , which may contribute to the formation of substandard aggregations that facilitate the spread of dengue (23) (24) and increase the numbers of infected individuals with in these populations. In addition, there is evidence of associations between the Gini index and the prevalence of cardiovascular disease (25) and asthma (26) , which are comorbidities that are considered risk factors for death from dengue fever and for more serious forms of dengue (27) (28) (29) (30) . No studies have examined the relationship between the Gini index and dengue mortality rates, but investigations in to the spatial distribution of dengue fever incidence have determined that this index is geographically associated (23) .
The limitations of this study include the fact that it was conducted using secondary data. Hence, its results may have been underestimated through underreporting and errors regarding the causes of death. These errors may be the consequence of the diffi culties associated with diagnosing the disease, which have been highlighted in a study (31) that used the linkage method to compare the SIM and SINAN databases. The unavailability of some indicators, including those associated with the quality of health care, the prevalence of co-morbidities, and the seroprevalence of dengue in the population, represents an obstacle to improving the detection of associations. Moreover, ecological studies that examine the aggregate spaces are subject to the effects of the aggregation of areas, spatial autocorrelations, and the multicollinearities of some of the predictor variables that can alter the effects of each of these factors. Thus, the results should not be extrapolated to individuals, because even though individuals might live in the same city, they will not have equal risks. However, despite this non-equivalence, one must recognize that producing the disease and death involves the mediation of factors that include living conditions that are determined by socioeconomic, environmental, and demographic factors. Therefore, if the target of interest is the population, one should seek to capture the results of these interactions, because this knowledge can be a valuable management tool for more effective decision making within each specifi c situation.
Ecological studies on dengue fever mortality and living conditions are scarce in the literature, but an interesting investigation involving Latin American and the Caribbean countries revealed the existence of a relationship between dengue fever mortality and socioeconomic indicators (10) . Our study was similar to this study, but we analyzed a broader set of dengue fever socioeconomic-and healthcare-related determinants in a country with a uniform notifi cation system and a higher number of units for analysis, and, consequently, our study has a higher statistical power. Moreover, using the municipalities as the unit for analysis rather than the country guarantees a uniform distribution of the variable values within the units and a lower possibility of ecological fallacy-related biases. The magnitude of dengue fever epidemics is increasing (32) , and there is a risk that severe forms will continue to occur as this frequency increases. Therefore, while seeking to control dengue fever epidemics, the feasibility of reducing the mortality and case fatality rates represents a particular challenge in the short term.
Our results show that in low-to-middle income countries such as Brazil, efforts to control the negative outcomes associated with dengue fever will require the implementation of structural and intersectoral investments aimed at improving the socioeconomic and living conditions of the population.
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